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Introduction
Approximately 41 square miles (mi 2 ) of Indianapolis, Indiana (Ind.), is serviced by a combined-sewer system (CSS) that is designed, constructed, and operated to carry both sanitary sewage and stormwater runoff in the same system. Diversion structures within the CSS route sanitary sewage to the wastewater treatment facility (WWTF) during dry weather; but during wet weather, the CSSs often discharge directly into surface water via combined-sewer overflow (CSO) outfalls (State of Indiana, 1996) . The Indianapolis Department of Public Works (DPW) managed the CSS until October 25, 2011, at which time CWA Authority, Inc. took control of operations and is now managing the sewer system in the Indianapolis metropolitan area. The sewer-system operator is responsible for implementing control strategies to mediate the effects of CSOs on water quality of receiving streams in and around Marion County, Ind., including Indianapolis.
Receiving waters in the study area for CSO and WWTF effluent include the White River and several of its tributaries: Pogues Run, Pleasant Run, Eagle Creek, and Fall Creek. Williams Creek and Buck Creek are tributaries that do not have CSO inputs but can be subject to input from septic systems or sanitary-sewer failures. The most upstream site on the White River, Nora, is not affected by Indianapolis CSOs, although several WWTFs discharge to the White River upstream from this site.
The U.S. Environmental Protection Agency (USEPA) (1999), in a guidance document for monitoring and modeling of CSOs, states that baseline water-quality conditions of the receiving waters need to be defined. The DPW previously, and CWA Authority, Inc. currently, have programs to collect and analyze surface-water samples within Marion County; however, if water-quality samples are used as the sole method to determine water quality, substantial effects on the biological communities between sampling such as habitat degradation, siltation, and flow alterations can be missed. Therefore, biological indicators to monitor the overall health of the White River within Marion County, Ind., and its tributaries also were included in the monitoring programs (City of Indianapolis, 2000) .
Biological criteria complement water-quality programs that focus on direct measures of water chemistry and physical properties of the aquatic environment. Many stream biota complete most, or all, of their life cycles in the water, thereby serving as continuous monitors of environmental quality. Biological criteria can indicate water-quality impairments, provide data in support of regulatory controls that address water-quality problems, and assess improvements in water quality from regulatory efforts. Benthic-invertebrate and fish-community assessments are used as measures of biotic integrity in streams. Benthic invertebrates have limited mobility and can be used as indicators of the long-term effects of water quality in streams. Benthic invertebrates can be found in all but the most severely polluted habitats. Fish communities, although much more mobile than benthic invertebrates, can also be used to evaluate water-quality conditions in a stream. Benthic invertebrate and fish communities are sensitive to a wide variety of environmental factors such as habitat degradation, siltation, pesticides, nutrients, and alterations in streamflow. Fish may also be absent from a stream because of natural or manmade causes such as dams or shallow riffles that obstruct their passage along a stream reach. Diversity among these communities can be affected by colonization rates, the presence of suitable habitat, extinction rates, competition, predation, physical disturbances, pollution, and other factors (Crowder, 1990) .
Streambed-sediment chemistry was investigated to complement the biological data collected by the U.S. Geological Survey (USGS) and surface-water-quality data, formerly collected by the DPW Office of Environmental Services, and since October 2012, collected by CWA Authority, Inc. Analysis of streambed-sediment samples can help determine what chemical constituents were adsorbed to sediment in the White River and several of its tributaries in the Indianapolis metropolitan area. These data could potentially help explain differences in the biological communities at each site. Streambed sediments are important to biological communities both as habitat and as a food source. The benthic organic matter in sediment can adsorb many hydrophobic anthropogenic compounds, and these compounds may become biologically available to benthic organisms through exposure to, or ingestion of, contaminated sediment (Landrum and Robbins, 1990; Benke and Wallace, 1997) . Mortality of aquatic invertebrates can be high in urban streams and can indicate possible toxicity associated with streambed-sediment exposure or ingestion of toxins associated with the sediments (Pratt and others, 1981; Medeiros and others, 1983) . Rochfort and others (2000) indicate that runoff from urban areas, including municipal wastewater discharge, produces increased contaminant loads to streams, and a decline in the numbers of taxa (richness) of biological communities in urban streams often results. Chemical effects of urbanization are variable and depend on the type of urbanization, presence of WWTF effluents and (or) CSOs, and the extent of stormwater drainage (Paul and Meyer, 2001) . Urbanization is second only to agriculture as the major cause of stream impairment (Paul and Meyer, 2001) .
Data collected for this project add to and complement data collected by prior cooperative studies between the DPW and USGS, as well as the monthly chemical monitoring of surface waters previously done by the DPW and now by CWA Authority, Inc.. In the early 1980s, the USGS, in cooperation with the DPW, began a study to assess changes in the benthic-invertebrate communities in the White River in response to changes and upgrades in Indianapolis WWTFs (Crawford and others, 1992) . In the 1990s a second study was begun to assess biological communities and streambedsediment chemistry in the White River and selected tributaries relative to CSO issues that the City of Indianapolis was assessing (Renn, 1998; Voelker and Renn, 2000) . In 1999-2001, a third study was conducted that assessed benthic-invertebrate and fish communities (Voelker, 2004 (Voelker, 2012) . The biological condition of these streams reflects the overall effect from all sources entering the receiving waters and cannot be attributed solely to effects from CSOs.
Purpose and Scope
This report summarizes the data collected during 2009-2012 for this study. Data collected include (1) the diversity and density of benthic invertebrates, (2) the diversity of the fish communities, and (3) the concentrations of metals, insecticides, herbicides, and semivolatile organic compounds adsorbed to streambed sediments. From 2009 through 2012, a total of 120 benthic-invertebrate samples were collected, of which 16 were replicate samples. A total of 26 fish-community samples were collected in 2010 and 2012, and 30 streambedsediment chemistry samples were collected in 2009 and 2011, of which 4 were concurrent duplicate samples. The study area is in the Central climate division in Indiana, which is characterized by hot, humid summers and cold, wet winters (Newman, 1966) . Physiographically, the study area is within the Eastern Corn Belt Plains ecoregion (Woods and others, 1998) . Crop production, primarily corn and soybeans, is the predominant land use outside of the urban areas of Indianapolis (Simon and Dufour, 1997) .
Description of Study Area
Thirteen sites were sampled in the study area, of which seven are on the White River and six are on tributaries to the White River (table 1) . Most sites were selected to coincide with sites used by DPW and CWA Authority, Inc. for monthly water-quality sampling. Voelker (2004 Voelker ( , 2012 described sampling locations and conditions for the sites used in this study. Seven are located along the White River as it flows through Marion County and into Morgan County ( fig. 1) . Nora, the most upstream site on the White River, is the only one upstream of the CSO-served areas and upstream of the Indianapolis WWTFs. fig. 1) . Two of those sites (Buck Creek and Williams Creek) are outside the CSO-served area. The remaining four tributary sites all receive input from CSOs, although the number and volume of such overflows varies by drainage basin (Voelker, 2004) . Pleasant Run has the most CSOs (49), followed by Fall Creek (27), Pogues Run (24), and Eagle Creek (5). Pogues Run is the only site with observed periods of no flow during the late-summer sampling periods.
The total drainage area of the White River is 5,372 mi 2 at the confluence with the East Fork White River. At the most downstream site sampled (Waverly) the drainage area is 2,026 mi 2 . The drainage area at the most upstream site sampled (Nora) is 1,219 mi 2 (Hoggatt, 1975) (table 1) . In addition to the CSOs, large inputs to the White River include discharges from the Belmont and Southport WWTFs in the southern reaches of the study area and the Carmel WWTF approximately 3 river miles upstream from the Nora site. The Belmont WWTF has a capacity of 120 million gallons per day (MGD 
Methods of Data Collection
During this study, benthic-invertebrate samples were collected biannually at each site, except for fall 2010 when Pogues Run was dry and no sample was collected. Fish-community data were collected at each site during 2010 and 2012. Streambed sediments were collected twice during the study period-in 2009 and in 2011-to assess chemical constituents that may affect the biological communities at the study sites.
Collection of Benthic Invertebrates (Appendix Tables 1-1 Through 1-120)
Benthic invertebrates were collected twice a year during periods of relatively stable low streamflow. Samples were collected in the spring (May through July) and again in the late summer/early fall (September through October). Higher than normal discharges on occasion resulted in delayed sampling events so that benthic invertebrate samples could be collected during periods of relatively stable low flow. Three individual benthic invertebrate samples were collected at each site from habitats where the greatest diversity and abundance of invertebrates was expected. These were usually riffle sections; however, those sections were not available at all sites, so then the best available habitat was sampled. This was true of the Harding Street site, where the White River was at very low velocities during benthic invertebrate sampling periods.
The three benthic invertebrate samples were collected at each site by using a Surber sampler that had a 0.0929-squaremeter sample grid and a collection-net mesh opening of 210 micrometers (µm). Sampling followed the guidelines set forth in Britton and Greeson (1989) and described in Voelker (2004) . Duplicate samples were collected at two sites each sample round. During the September 2010 sampling period, Pogues Run was dry, and no sample was collected. In place of the sample from Pogues Run during dry conditions, a third site was selected from among the other sites for replicate sampling during that round.
Benthic invertebrates were preserved and sent to a biological laboratory (Pennington and Associates, Cookeville, Tennessee) where they were identified to the lowest possible taxon-generally genus and species. For this study, ambiguous taxa (labled "unidentified" in tables) were those that could not be identified to species, and these were counted as distinct taxa only if there were no reported individuals from the next highest taxonomic level. Possible reasons for the inability to classify an organism to species may have been that the organism was damaged in the sampling process or that the life stage could not be classified to a lower taxon. The laboratory also calculated the Hilsenhoff Biotic Index (HBI) for each set of three samples. The HBI was calculated from pollutiontolerance values assigned to benthic invertebrate taxa, using the number of individuals in each family and a tolerance value for that family, summing the products, and dividing that sum by the total number of arthropods in the sample (Hilsenhoff, 1987) . Scores can range from zero to 10 and increase with presumed organic contamination. The Ephemeroptera, Plecoptera, and Trichoptera (EPT) index was also calculated. The EPT index is merely the sum of the distinct taxa collected in each of those taxonomic orders.
Collection of Fish (Appendix Tables 2-1 Through 2-26)
Fish communities were sampled during the summer months in 2010 and 2012 in accordance with guidelines established by the USGS National Water-Quality Assessment (NAWQA) Program (Meador and others, 1993) and described in the Indiana Water Science Center quality-assurance plan for fish taxonomic data (Brian Caskey, U.S. Geological Survey, written commun., 2011). At sites on the White River, stream reaches of 500 meters (m) in length were sampled, and at sites on the tributaries, stream reaches were 150 m in length. Samples were collected as much as practical between riffle cross sections because riffle sections serve as natural barriers to fish migration out of the study reach. Fish were collected by using pulsed direct-current electrofishing techniques. Specially designed electrofishing boats were used at nonwadeable sites (all White River sites), and backpack or tote-barge mounted equipment was used at wadeable stream sites (all tributaries). Two passes were made through each site to sample the fish community. After each pass was completed, the collected fish 
Benthics
Fish Bed sediment were identified to the species level, measured, and weighed, and any external anomalies were identified and recorded. Voucher specimens were collected to provide a reference for fish taxonomic classifications made by this study. Voucher specimens were collected either photographically or in a 10-percent formalin preservative and returned to the USGS Indiana Water Science Center (IN-WSC) laboratory (Indianapolis, Ind.). Taxonomic nomenclature used to identify the fish followed that established by Nelson and others (2004) .
Physical Habitats (Appendix Table 3)
During the fish-sampling period, physical characteristics of the sites were documented by using parameters developed by the Ohio Environmental Protection Agency (1989a Agency ( , 1989b to compute a Qualitative Habitat Evaluation Index (QHEI). Stream characteristics collected included drainage area, land use, mean discharge, stream gradient, and basin description. Habitat characteristics include substrate; silt cover; extent of substrate embeddedness; instream cover; channel morphology; riparian zone; bank erosion; and pool, riffle, and run information.
Collection of Streambed-Sediment Chemistry (Appendix Tables 4-1 Through 4-6)
Streambed sediments were collected following the guidelines set forth by Shelton and Capel (1994) and Radtke (2005) . Samples were collected during stable low-flow conditions in the summers of 2009 and 2011. Polypropylene scoops were used to collect the topmost layer of wetted fine sediments. These were placed into a glass jar for transport back to the USGS IN-WSC laboratory. At the IN-WSC laboratory, sediment samples were split and sieved into two components: a 63-µm fraction to be analyzed for trace elements and a 2-millimeter fraction to be analyzed for organic constituents. The organic-constituent samples were then shipped to the USGS National Water Quality Laboratory (NWQL) and the traceelement samples to the Mineral Resource Program Laboratory in Denver, Colorado, for analysis.
Summary
The U.S. Geological Survey, along with the Indianapolis Department of Public Works (DPW) and CWA Authority, Inc., maintained a cooperative program during 2009 through 2012 to assess biological communities and streambed-sediment chemistry in the White River and selected tributaries in the Indianapolis metropolitan area. Thirteen sites (seven on the White River and six on tributaries) were sampled biannually for benthic invertebrates and in alternating years for fish communities or streambed-sediment chemistry. This study continued a long-term cooperative program between the agencies to collect biological and streambed sediment data and complements the DPW surface-water monitoring program. The information gathered is being used in connection with CWA Authority, Inc. and Indianapolis to reduce combined sewer overflows (CSOs) and other point and nonpoint sources of pollution in the Indianapolis area.
During this study, benthic invertebrate samples were collected biannually at each site except for fall 2010, when Pogues Run was dry and no sample was collected there. Fish-community data were collected at each site during 2010 and 2012. Streambed sediments were collected twice during the study period-in 2009 and in 2011-to assess chemical constituents that may affect the biological communities at the study sites.
